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(54) Abstract Trtle ■ ' " . 

Structure for working unit for bucket excavators and method for manufacturing the same 

(57) A bucket connecting bracket (23) is connected to one longitudinal end of a hollow arm body (22) having a 
triangular cross section, and a boom mounting bracket (26) is connected to the longitudinal middle part of the 
arm body (22) while an arm cylinder bracket (24) is connected to the other longitudinal end of the arm body 
(22) to constitute an arm. As a result the arm body (22) is made resistant to deformation in cross section, so 
that its plate thickness can be reduced and its rigidity is enhanced without resort to a cross section bracing 
member, thereby manufacturing a light-weight arm free from cross-sectional deformation. 
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SPECIFICATION 

STRUCTURE FOR WORKING. MACHINE OF. BUCKET TYPE. EXCAVATOR AND 
PRODUCING METHOD THEREOF \ 

TECHNICAL FIELD. : : 

The present invention relates to a structure for a 
working machine of a bucket type excavator such as a 
hydraulic shovel/ and a producing method of an arm of the 
bucket type excavator and the .structure for., the working 
machine of the bucket type excavator. 

BACKGROUND TECHNIQUE' . 

As shown in Fig:l, in a hydraulic shovel . which .is a 
kind of a bucket- type excavator, an "upper vehicle body 2 
is turnably mounted on a lower running body 1, a boom 3 is 
vert ical ly swingably mounted to the upper vehicle body 2, 
an arm 4 is vertically oscillatably mounted to the boom 3, 
and a bucket 5 is vertically oscillatably mounted to a tip 
end of the arm 4. A. boom cylinder 6 is connected between 
the upper vehicle body 2 and. the. boom 3, an arm cylinder 1 
is~ connected between the boom 3 and the arm A, and a 
bucket . cylinder 8 is connected between, the. arm 4 and the 
bucket 5 . 

The- hydraulic shovel vertically swings the boom 3, 
the arm 4 and vertically oscillates the bucket 5, and at 
the same time, laterally turns the upper vehicle, body 2, 
thereby carrying .out operations. : such ..as excavation and 
leading to a dump truck: 

As shewn in Fig . 2 , . the ; arm- 4 ..comprises, an arm body 
10, an arm cylinder-mounting bracket 11 jointed to 
longitudinally one end of the- arm . body, 10> . and a bucket- 
connection bracket 12 jointed tc longitudinally other end 
of the arm body 10. A>s shown in Fig. 3, the arm body 10 is 
hollow and rectangular in cross section comprising an 
upper lateral plate 13, a lower lateral plate 14 and left 
ana right vertical plates 15, 15. 

As shown in Fig . 1 , at the time of operation, a 
vertical load Fl, a lateral load F2 , a torsion load F3 and 
the like are applied to the arm 4, and durability against 
these leads is secure. 

For example, against the vertical lead Fl, a width W 
ar.o a height H as well as plate thickness of each of the 
upper lateral plate 1 3 , the lower lateral plate 14 and the 
left and right vertical plates 15, 15 are appropriately 
set in accordance with magnitude of the loads as shown in 
Fig. 3. In addition to these, against the lateral load F2 
and the torsion load F3, a cross section restraint member 
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such as a rib 16 shown in Fig. 2 is added. 

In the hydraulic shovel; a .counter weight 9 is 
provided at a rear portion of the: upper vehicle body 2 in 
accordance with the excavation ability of a working 
machine comprising the upper vehicle body.. 2 which is a 
nig in portion, the boom : 3,, the.arm- 4 and the bucket 5. If 
- L r, e working- ma chlhe c -is. reduced, in weight,, the- weight of 
the counter weight 9 mounted to the rear, portion, of. the 
upper vehicle- body 2 can be reduced,, the: -rearward ; 
projecting amount of the upper vehicle, body . 2 cam be •- 
reduced and therefore, a turning radius of the rear end of 
the upper vehicle body 2 can be reduced. - 

If - the working machine 'comprising the,, boom- 3,-r the 
arm 4 and the bucket 5 is reduced in weight., it is 
possible to increase -the volume of the- : bucket 
correspondingly instead of reducing the: weight of the 
counter weight- 9- and thus to. increase the -working amount. 

Further, the 'arm. At is. vertically swung by the arm 
cylinder-"?? and a : portion: tof a - thrust of the arm cylinder 
? supports- the weight- of the arm 4 . Theref ore, if the arm 
t is reduced in weight-, -the. thrust of the arm cylinder 1 

effectively" utilized -as' the vertical : swinging force of 
the arm 4. Similarly, the weight of the arm 4 itself is 
aoplied to the boom cylinder 6, if, the' arm 4 - is reduced in 
weight,- thru-st- of: the- boom. cylinder 6 car. effectively be 

utilized-.- 

In gene-rally, when considering -a strength c the 
v.— king machine of the bucket type excavator, as the 
siT.clest-met'hGd,'-"£ - wdr king: machine is replaced with a beam 
or a th< n pioe which - isr discussed -in -material mechanics 
and a- strength with , respect., to , the ; bendir.g ..and torsion can 

be -evaluated. 

- That i J s> bending -stress o, and shearing stress x 
generating on a cross section cam be obtained by the 
"following general formulas (1) and "(2) : 

(1) .0=M/Z 

(wherein, o: bending stress generating cn a cross 
section, M:. bending moment applied to the cress section, 
Z: cross section coefficient) 

(2) T=T/2At 

rwherein, x: shearing stress, T: torsion torque, A: 
croiection area of neutral line of cross section plate 
"z-ickness, t: thickness of cross section plate) 

An aporopriate shape of the cross section can be 
-ete-mined from the results of the above calculation and 
. oermissible stress, of. .the material to be used. Similarly, 
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deflection of the beam and torsion of the axis can be 
.calculated using general formula of the. material 
mechanics, and such calculation, rigidity- of the working 
machine can also be evaluated..- 

However, if a- working machine designed in accordance 
with the above evaluation, method is actually produced and 
stress test is carried out, the result of the test is 
different, from a stress value calculated during the 
evaluation in many cases. For this reason, in recent 
years, simulation by a computer using finite element 
.method ' FEM ) is used as the evaluation method for 
enhancing the precision of the. stress evaluation. If the 
stress is calculated using the FEM simulation, ■ it . can be 
found that a cross section of a . working machine, which was 
considered, as beam and axis of material mechanics-, is 
changed in shape before and after the load is- applied: 
Fr.om this fact, it can be understood that a stress 
calculated .using the general formulas of the. material 
mechanics derived based on a- presumption that a shape of a 
cross section is not changed and a -stress measured when a 
stress test is actually carried out do not coincide with 
each other. 

In the case of a conventionally used working, machine 
naving 2 rectangular cross section, there are two factors 
for determining a deformation strength of the cross 
sectior " i - e -' -igidity of a. rectangular -angle, portion and 
rigidity of a rectangular' side portion in the outward 
direction cf a surface.. When each of the two -rigidity 
aoes net have sufficient strength against a lead," the 
cross section is deformed as shown in Fig. 5,. and an 
excessive load is applied to. the rectangular angle 
portion. To prevent those, a cross section restraint, 
material such as a partition w=n is recruired for a. 
portion in which its cross section is deformed, but if" 
such material is provided, productivity cf the workina" 
machine is lowered. 

If the above facts are applied to the arm 4, the arm 
4 is of hollow shape : of rectangular cross section as shewn 
in Fig. 5, rigidity of the cross section is determined by 
sending rigidity cf an angle portion a, bending rigiditv 
(rigidity in the. outward direction of surfaces) of the 
four surfaces (the upper lateral plate 13, the lower 
lateral plate 14, and the left and right vertical olate* 
.15 and 15) . . 

That is, influence of the bending, rigidity of the 
surfaces and the bending rigidity, of the angle portion is 
great with respect to the deformation of the cross 
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section^ For example, in Fig . 3 , • when the lower plate 14 
is fixed, -and a load F shown -with*- the arrow F is applied, 
as shown in Fig.. 4 schematically, each of the angle 
portions a is bent and deformed, the upper plate 13 and 
the left and right vertical plates 15 and 1-5 are bent ar.d 
deformed in the' outward direction of the surfaces 
(thickness direction) . -When the thickness of the plate is 
reduced, reduction of rigidity* in the outward direction of 
the surface is* proportional to the third power of a ratio 
of reduction of the plate thickness. : - ; : " 

For these reasons, ' if the thickness of each plates 
is reduced to increase the cross section, when the lateral 
load F2 and the torsion' load F3 are applied to the arm4, ■■ 
a deformation is generated in the lightweighted boom 3 -as 
shown with the arrows b and c in Fig. 3, the rigidity of 
the entire boom 'is largely lowered. " Therefore, the above- 
described cross section restraint material such as the 
partition -wall 16 and thepipe 17 must be reinforced, the 
weight of the boom is -increased because of the reinforced 
cross section * restrain': material, the structure is 
complicated because of the partition wail 16 and the pipe 
17, ar.d there is a problem with the productivity due to 
increase in welding pcrtior.sV 

• : Further, as shown in Fig. 2, the arm 4 is provided 
with a bucket' cylinder bracket 17 for connecting the 
bucket -cylinder 8 and a boom cylinder-connection boss 16 
for connecting the bocr;- 3; If the thickness" of each of 
portions' to which these are to be connected, e.g., the 
left and xi'ght -vertical plates 15/ 15 and the upper 
lateral plate -13 is* reduced/ the rigidity in the outward 
direction of the surface is "lowered. Therefore, in some, 
cases, this further increases the deformation in the 
outward direction of the surface and reduces the rigidity 
of the arm' 4,- -and a deformation shown with a phantom line 
in Fig. 3 is generated. Thus, it is difficult to reduce 
the thickness of plate material forming the arm body 10. 

Further, since the -plate members fcrmir.g the arm 
body 1C are welded to zr.e another at right ar.gles, if the 
-hickr.ess of the plate members is reduced, the weld 
-•ointing efficient is lowered, and it" is difficult to 
secure the durability zz the angle joint and thus, it is 
difficult' to reduce the thickness of the plate members 
forming the arm body 12. 

Furthermore, in the case of the conventional boom, 
the upper lateral plate 13, the lower lateral plate 14 and 
: the left and right vertical plates 15, 15 are formed by 
cutting them in accordance with the shape of the arm body 
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10, and the vehicle arm cylinder bracket II and the 
bucket-connection bracket 12 are welded to the arm body 
1C. Therefore, working of each of the plate members is 
complicated, the welding portion (welding line) is long, 
many steps are- required to produce the boom and thus, the 
producing method is complicated. 

A boom shown in Fig. 5 in which one- sheet of plate d 
is bent into, U-shape and the upper lateral plate .13 and 
the left and right vertical plates 15, 15 are formed into 
one . ur.it is known . However , .in - this case also, a step for 
cutting the' plate d and the lower : lateral plate 14, a step 
for bending, and a step for welding two- we.Iding portions 
{welding lines) are required and thus,- many steps are 
required and this method is complicated. 

Thereupon, it is an object of the present invention 
to provide a structure for a working machine - of : a bucket 
type excavator capable of solving the above problem, and a 
producing method of an arm of the bucket .type; excavator 
and the structure for the working . machine of. the bucket 
type excavator. 

DISCLOSURE OF THE INVENTION/ — - , 

An arm of a bucket type excavator of a first 
invention .is a structure for a working machine such as an 
arm of a bucket type excavator such as a hydraulic shovel, 
the arm body 22 has .a:, cross section, in; which three sides 
are straight, and each of connected portions of the two 
sides is cf arc shape. : ■ 

According, to xhe first invention, since the boom 
body 22 is triangular in cross section, due to ... 
characteristics of a triangle, that . its cross section is 
less prone to be deformed in the outward direction of 
surface by load, the boom body 22 car. keep; its. cross 
section shape and secure the rigidity without using a 
cross section restraint material such as a pipe. 
Therefore, the plate thickness cf the boor, body 22 can be 
reduced tc reduce its weight, and the cross section 
restraint material such as partition wail and- the pipe is 
unnecessary and thus, its structure is simple, and the 
number cf portions requiring welding is small and 

.eref ore, the durability and productivity are enhanced, 
•.erefcre, according to the first invention, the weight of 
:e boom zan largely be reduced, and the durability and 
productivity of the boom are excellent. • 

In a structure of a working machine of a bucket type 
excavator of a second invention, the arm body 22 has a 
cress section in which three sides are straight, and each 
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of connected portions of the- two sides is of arc shape. 

According to -the second invention, since the cross 
sectionof the structure .body 22 in which three sides are 
straight, and each of* connected portions; of the two sides 
is of arc- shape, the sectional area, can; be- increased such 
that it inscribes a sectronal area a conventional 
structure, th Across ---section performance- can be ■ 
maintained/ -and^s-ince the angle portion is arc in shape, 
the stress can be dispersed. - -Therefore/ according;- to :. the 
second invent ionv~ a -large- ^sectional area can be secured, 
the cross' section- performance can he maintained.; and the 
rigidity Of the boom .can be* enhanced. / - 

In an arm' of a bucket type excavator. according to a 
third invention, a bucket thereof, is mounted'.tc a. zip' end 
side -and pivotally supported by a. boom, wherein the arm 
body 22- is hollow -and triangular" in. cross section. 

: According to -the third invention, since the arm body 
22 is* triangular "in. cross section, -due to characteristics 
of a triangTe that its- cross -section is less prone to be 
deformed in the outward direction of surface by lead, the 
arm body 22 can keep its cross section shape and secure 
the rigidity without using a' cross section restraint 
material such 'as • a pipS^ Therefore, the plate, thickness 
of the arm body 2 2r can> be reduced ;.fco. reduce -its weight, 
and the cross section: restraint material, such as partition 
wall and "the 'pipe is unnecessary- and thus, its structure 
is simpler and;. the: nTjmber.^of: portions ^requiring welding is 
small and therefore, the durabili.t.y^and productivity are 
enhanced.- -Therefore, -according to. the third invention, 
the weight-'cf the -:boom ?can.:iargely be reduced, . and the 
durability and productivity ;of. the bo.om are excellent. 

In an arm of -'a "bucket type . .excavator according to a 
fourth invention, *he':arrrr body>'22 ; has a -cross section of 
the third invention in /which three -sides are- straight and 
each of connected portions, of the two sides is of arc 
"• sna^e - * 

According to the fourth invention, since the cress 
section" of the" arm body 22 in which three sices are 
straioht, and each of connected portions of the tw: sides 
is of 'arc shape, the sectional area can be increased such 
that it inscribes a sectional area a conventional coon, 
the cross section performance can be maintained, and since 
the angle oortion is arc in shape, the stress can be 
disoe-sed * therefore, according to the fourth invention, 
a'la-ge sectional area can be secured, the cross section 
performance can be maintained, and the rigidity or the 
boom can be enhanced. 
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.In an arm of a bucket type excavator according to a 
fifth invention/ the arm body has a substantially triangle 
cross section of the fourth invention in- which" a lower 
surface thereof is' a triangular base side, an upper 
surface thereof is a tip of the triangle, and a boom- 
mounting bracket 26 is jointed to a longitudinally lower 
surface . : . 

As. in the fifth invention^ when the boom-mounting 
bracket 26 to be mounted to the boom is mounted to' the 
lower surface of the arm body 22, if a lateral load (F2 in 
Fig.l) or a torsion load (F3 in Fig.l) is applied to the 
arm tip end, since the lower surface side is closer to the 
bracket 2 6 than the "upper surface s-ide, there is'a 
tendency that a burden of a load of the lower surface side 
which is shorter in length is greater. Therefore, as in 
the fifth* inversion," "if the lower surface is formed into a 
base of the triangle, the cross section performance can be 
exhibited more efficiently as 'compared with a structure 
which is turned upside down, and' the weight can further be 
reduced. Further, also when the vertical lead (Fl in 
Fig.l) is applied to such a boonr, " if the lower surface is 
the bottom surface of the triangle, the cross section 
performance can be exhibited more efficiently. 

In an arm of a bucket type excavator according to a 
sixth invention, in the cross section of the fifth 
invention, a bucket cylinder bracket 25 is jointed to an 
upper surface of the arc connected' pcrzion of the two 
sides . 

According to the sixth invention, -since the top of 
zhe arm body 22 has great rigidity > even if zhe plate 
thickness of the mounting portion of the bucket cylinder 
bracket 25 is thin, the boom is not deformed. With this 
structure, the plate thickness of the mounting port ion of 
the bucket cylinder bracket 25 of the arm body 22 can be 
thin to further reduce the weight of the becm. 

In an arm of a bucket type excavator according to a 
seventh invention, in the cross section shape of the fifth 
invention, the arm body 22 has a substantially triangle 
cress section in which a lower surface thereof is a 
triangular base side, an upper surface thereof is a tip of 
the triangle, and a bucket cylinder bracket 25 is jointed 
to the flat portion of the top. 

According to the seventh invention, since the top of 
the arm body 22 is the flat portion, vrher. the bucket 
cylinder bracket 25 is welded to the fiat top, edge 
preparation of the bucket cylinder bracket 25 is 
unnecessary and the throat depth of the weld joint can be 

7 
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secured by using- a fillet weld joint as the weld joint. 
Therefore, the welding operation of the bucket cylinder 
bracket 25 to the top -of -the arm body 22 is facilitated, 
and even if the. plate -thickness is thin, the welding 
strength car.: be maintained. • 

In -.an arm of a bucket type excavator according to an 
eighth invention, in the sixth or seventh invention, the 
bucket-connection bracket .23. vis -jointed to longitudinally 
cr.e end of the- arm • body-- 22 , -aod the arm cylinder bracket 
24 is-, jointed. -to longitudinally.-cther end of the- arm body 
22. ; - : - : - • * • • . ; 

^. According to the eighth invention, the arm is - 
suitable for carrying out the invention. ■ 

. 1 A : . producing method of a structure-* for a working. 7 
machine of a bucket type excavator of a ninth invention, 
the method comprises * the step's of: bending a plate" 
material 73 having two long sides 70, -70 and two short 
sides 7-1, 71, .^thereby forming a hollow member which is 
triangular in .cross sect ion> ..and welding butted portions 
of the two long -sides 70,- 70, thereby forming a body 22. 

According ;t : o ;the,. ninth invention, since one sheet of 
plate material is bent - and - the> butted portions are welded 
to form the structure- body 22 , "the - working- of the plate - 
material-; is easy, and the welding portions (welding line) 
is short-.,- With :: this -method, the producing steps of the 
structure -for the working machine are easy, the structure 
car. be produced easily. - 

A producing method of a structure for a working 
machine of -a bucket type excavator of a tenth invention, 
in the ninth invention:, the body 22 has a cress section in 
which .three sides are straight, ar.d each of connected 
portions of the two sides is of arc shape, the body 22 has 
a. triangle cross section in which a lower surface thereof 
is a triangular base side, an upper surface thereof is a 
tip of the triangle, and butt-welded portions of the two 
Icr.c sides 70, 70 are disposed on the lower surface. 

According tc the tenth invention, because th 
• v;el zir.c portion is disposed on the lower surface, there i 
a rr.erit that the outward appearance - is enhanced i 
addition to merits which can be obtained by the boom o 
the first to third inventions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.i is- a perspective view of a power shovel; 

Fig. 2 is a front view of a conventional arm; 

Fig. 3 is a sectional view taken along the line A-A 
in Fig. 2; 



8 



Fig. 4 is an explanatory view of deformation of a 
cress secticr. zf the arm; 

Fig. 5 is a sectional view showing another example of 
the arm; 

Fig. 6 is a front view of a arm of an embodiment of 
the present invention: 

Fig. 7 is a plan view of the arm of the embodiment of 
the present ir.ventio.n-: 

Fig. 9 is a. sectional view taken alor.a the line B-B 
.in Fig . 6;, 

Fig. 9 is a sectional view taken along the line C-C 

in Fig . 6; . . . . 

Fig. 10 is" an. exploded, perspective- view of the' arm; - ■' 

Fig. 11 is a sectional view taken along the line D-D 
in Fig.6; 

Fig. 12 is a sectional view taken along the line E-E 
in Fig.6; 

Fig. 13 is a sectional view taken along the line F-F 
in Fig .6; 

Fig. 14 is a bottom view of. an end, of the arm; 

Fig. 15 is a sectional view taken along the line G-G 
in Fig . 14 ; 

Fig. 16 is a sectional view taken alor.a z'r.e line H-H 
in Fig . 14; " 

Fig. 17 is a sectional view taken along the line I-t 
in Fig.6; 

Fig. 15 is an explanatory view of a deformation of a 
cress secticr. of the arm; 

Fig. 15 i s an explanatory view of a size cf the cross 
section cf z'r.e arm; 

Fig.2C is a plan view of a plate material for 
producing a main arm; 

Fig. 21 is a sectional . view taken alor.a the line J- J 
in Fig.2C; " 

Fig. 22. is an explanatory view of bendir.a oceration 
of zhe plate r.aterial; 

Fig. 23 is a perspective view of the car: oiate 
material; 

Fig. 24 is an explanatory view of bending SDeratic- 
of zhe pia-e r.aterial; * ' 

Fig. 25 is a perspective view of the bent olate 
material; 

Fig.2£ is an explanatory view of bending and 
jointing operations of the plate material; 

Fig. 27 is a perspective view showing ioir.ted plate 
material; 

Fig. 28 is an explanatory view showing another 
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example of the arm body; 

* Fig. 29 is an explanatory view showing another 
example of the arm body; 

Fig. 30 is an explanatory view of bending operation 
of a top cross -member; 

Fig. 31 is an explanatory view of bending operation 
of a bottom side cross member; *' 

Fig. 32 is an explanatory view of back wave welding 
operation of ' one end of both members by a butt jig; 

Fig. 33 is an explanatory view of back wave welding 
operation of the other end of both members "by a butt jig; 

Fig. 34 is a sectional view showing a different 
triangle shape of the boom front member and the boom rear 
member; and 

Fig. 35 is a sectional view showing another triangle'* 
shape of - the boom front member and the boom rear member. 

BEST MODE FOR CARRYING OUT THE INVENTION 

As shown in Figs. 6 and 7, an arm body 22 comprises a 
main arm body* member "20 and- an auxiliary member 21, a 
bucket-connection '^bracket 23 is jointed to longitudinally 
one end of the arm body 22, an arm cylinder bracket 24 is 
jointed to longitudinally other end of the arm body 22 , a 
bucket cylinder bracket 25 is jointed to an upper surface 
cf the arm body 22 , a boom-mounting bracket 26 is jointed 
- o a longitudinally intermediate lower portion of the arm 
body 22/ thereby forming an arm 4. 

An upper surface 22a of the arm body 22 is straight, 
a icwer surface 22b- is" of substantially V-shape which is 
"cent at the longitudinally intermediate portion (connected 
cortion of the boom-connection bracket 26) , longitudinally 
cpoosite ends of the arm body 22 are tapered in the height 
direction from the longitudinally intermediate portion. 
Longitudinally opposite ends of the arm body 22 are also 
'tapered in the width direction from the longitudinally 
intermediate portion - 

That is, in the arm body 22/ the longitudinally 
intermediate portion has the greatest cross section, and a 
:::ss section of the arm body 22 is gradually reduced 
toward the longitudinally opposite ends. 

As shown in Figs. 8 and 3, the arm body 22 is hcllcw 
and triangular in cross section, a base sice of the 
triangle is the lower surface 22b, and a tc? of the 
-riangle is the -upper surface 22a. A longitudinally 
intermediate portion of the lower surface 22b of the arm 
body 22 is formed with arc notch 27, and the boom- 
connection bracket 26 is jointed to the notch 27. 
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More specifically, as shown in. Fig. 5, a -portion of 
the arm closer to a front end thereof than the 
longitudinally intermediate portion is: only : the main arm 
body member 20 and triangular in cross section. A portion 
of the arm closer to the rear end thereof . than the 
longitudinally intermediate portion is the main arm body 
member 20 and the auxiliary member 21 and triangular in 
cross section, as shown in Fig. 9. 

The. arm body 22 is .of isosceles triangle whose 
height H is greater than its width w, its. three sides are 
straight,, connected portions e, f, g of two sides: are arc 
in shape, a curvature of the upper connected portion e is 
greater than those of- the lower . connected "portions- -f and 
g. With this structure, stress applied to each of- the 
connected portions is dispersed, a cross section 
performance required for a beam is secured, .and vertical 
rigidity of the arm body is enhanced. 

As shown in Figs. 8 and 10, in the arm body member 
2w,one sheet of plate material 30. which is obtained by 
cutting a steel plate into, a .predetermined shaft is bent 
portions thereof closer to the front • end than the 
longitudinally intermediate portion are butt-welded, the 
.ront portion is triangular in cross section, and the rear 
portion is angle shape whose lower surface is opened. A 
bottom side of the triangle is the lower " surface 20a, and 
a top of the triangle is the upper surface 2Cb." T he 
welded^ portion- 31 is continues with the -base side of the 
uria.ng^e m the. longitudinal direction. 

Opposite-, sides vertical plate -lower angled portions 
closer to the rear end of - the main arm merrier 20 are 
-orrr.ed with arc recesses 32. 

As shown in Fig. 10, the auxiliary member 21 is 
obtained by cutting a steel .plate- 33 into .a Drede^e-Vned 
s..a?e, and 13 formed into substantially C-shaoe having a 
-a.eral p^aie 21a and a pair of vertical tieces 21b, 2^b, 
ana tr.e lareral plate 2ia is formed with a notch 34. 

As shown in Fig. 9, the pair of vertical oieces 21b, 
2io c. the auxiliary member 21 are welded to the coccs<te 
sices vertical plates closer to the rear end or the"-a r n 
arm body member 20 through .a backing plate 35, and formed 
:r:ap.gu.ar m cross section. 

As shewn in Fig. 10, the bucket-connection bracket 23 
is nollcw and triangular in cross section, a front end 
thereof is formed with a pin insertion hole 40, an 
intermediate opposite side surface of the bucket 23 * s 
formed with a pin engaging hole 41, and a rear end of the 
oucxet 42 is integrally provided with a triangular 
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connection projection. 

As shewn in Fig. 11, in the main arm body member 2C 
and the bucket-connection .;brack'et 23, longitudinally one 
end opening edge of the main. 'arm- body member 20 (arm body 
22) is fitted to a connection projection 42 of the bucket-' 
connection bracket 23- to . form -a ' welding groove 43, and 
this portion is./, welded 7. ~ -A longitudinally one end edge 23c 
of the main arm body member 20 is thicker- than other 
portion 2-0d ; . so. that, throat thickness v o-f the weld- joint can 
be secured >to* obtain -sufficient v welding depth : and' welding 
can be^carried but- strongly: : - With this structure* even if 
the plate thickness of . the :*mcLin" arm -body- -member 20 is 
reduced: XQ . reduce itsr-weight, '-the 'bucket-connect ion A' 
bracket 23 can be- welded strongly * 

As; shown in Fig. 10, the bucket cylinder bracket 25 
is c^f U^shape r in: which a pair of vertical- pieces 44, 44 ■ 
are connected with^a lateral piece 4 5," the pair of 
vertical pieces 44, 44 are .welded t r d the arc upper surface 
22a of the ^rrn body • 22 fas ^shown in -Fig. 12 . With this 
structure, ; c the. -rigidity .of fthe- mounting portion of the 
bucket cylinder. bracket 25 -of - the 'arm body 22 can be 
secure,.; ^and -even:- if the * piate thickness" of this portion is 
thin, it. isonot deformed by'-the reaction force of the 
bucket cylinder ;■ v : J ." < \oti 

As .shown in • Fig.- 10,-. 'the ;;arm ^cylinder bracket 24 
includes : a mounting portion .50 :of ' the same -triangle shape 
as. the longitudinally ..other .-.end-edge of the arm body 22, a 
lateral plate 5 1 - which \is integrally formed with a lower 
portion of ..the rmount ing .partio'n -50 , : and a pair of vertical 
pieces 52,. 52 integrally provided between the mounting 
portion 50 and the lateral plate 51. 

The mount ing .port ion-; 50 is integrally provided a 
substantial I: y ..triangular connection projection 53, the 
lateral plate .51 is integrally provided with a 
substantially U-shaped connection projection 54 which is 
forced with the connection projection 53 continuously. As 
shewn in Fig. 13, the connection pre jectior. 53 is fitted 
the longitudinally other end opening edge of the arm body 
22 :o . forrr. and weld a welding groove 55. 

As shown in Figs. 14, 15 and 16, the connection 
projection 54 of the lateral plate 51 is fitred to the 
notch 34 of the auxiliary member 21 to form and weld a 
welding groove 56. 

As shown in Fig. 10, the boom-mounting bracket 26 is 
formed into a hollow structure comprising a lower lateral 
piece 60, a pair of vertical pieces 61, 61 and an arc 
upper lateral piece 62. The pair of vertical pieces 61, 
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61 are formed with pin fitting holes 63. The pair of 
vertical. pieces 61, 61 and the upper lateral piece 62 are 
arc. in shape having the same curvature as that of the arc 
notch 27 of the arm body 22, and the upper lateral piece 

62 is integrally provided with an arc connection 
projection 64. As. shown in Fig . 17 , the connection' 
projection 64 is fitted to the notch 27 of 'the arm body 22 
to form and weld a welding groove 65. " 

.-. As -described above/ the arm body 22 constituting the 
arm . has. the triangular cross Section, unlike "the 
rectangular cross section, an element which determines a 
deformation strength of a cross section" is determined only 
by the rigidity in the inward direction of surface of each 
,of sides- of the triangle, ' For example/ In Figs . 8 and 9- 
when the base is "fixed and the load F shown 'with the arrow 
is applied to the top, as schematically shown in Fig. 18, a 
compressing force is applied to one side j r connecting the 
base h -.and the top i with each- other, and the side f is 
shrunk- and deformed, and a tensile strength is applied to 
the other side k. and the side k is" extended and deformed, 
and -no force in the outward direction of surfaces is 
applied to the: two sides j and k. That is, since the 
rigioity (rigidity" in the inward direction of the surface) 
against , the tensile and compressing force of the s-ides j 
and k is greater than the bending force in the outwa-d 
direction of the surface, the rigidity of cress sec-ion of 
tr.e :ooom having the triangular cross section is greater 
than tnat of the boom having the rectanauiaf' cross 
section : . . •'. 

In the general formula of the material' mechanics, n 
the case of the strength of the working machine, if the 
size , of the cross section is increased, strength of cross 
section can be secured even if the cross sec- ion is 
rectangular or triangular. However, if deformation of the 
cross section is taken into consideration as described' 
above, in the case of ■ the rectangular cross section, the 
rigioity of the corner and -the rigiditv of the side in the 
outwara direction cf -.he surface are- lowered in orcoort^on 
to reduction cf the plate thickness. Whereas, in the case 
o- tne triangular cross section, the rigidity <s icwe-e- 
in proportion to a reduction ratio of the plate thickneis. 
.here^cre, variation in rigidity of the cross section d«e 
to tne reduction in plate thickness of a boor, having a 
triangular cross section is smaller than that of a boom 
having a rectangular cross section. 

For the above reason, if a boom has a triangular 
cross section,, even if the plate thickness is reduced, it 
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is possible to remarkably reduce the deformation of the 
cross section as compared with the conventional structure 
having a ""rectangular cross sect-ion, and from this fact, it 
is possible to reduce -the. -boom in weight. 

Further, as shown ^in. -Figs r 3 and-9, since the 
connected portions e, f-, ,g of the two sides are arc 
triangular in xro?s ; secti'on> : tr>e 0 cros5 section of - the boom 
can be increased and . th ; e sufficient, cross section ;. - 
performance can be secure. - That. -is, $s*< shown:: with a 
phantom . line in Fig. 19,. th.e .-cross . section-, can be increased 
by inscribing the arc . connected portions e r f > - g::with - : 
rectangular inner surfa.ce.s of a space; (height: and "width of 
the cross section) limited by disposition; of the working 
machine on a machine, .visual- recognition properties of an 
operator and the like. . " 

Especially when the boom-mounting -bracket 26 to' be 
mounted to the boom is mounted *o the lower surface of - the 
arm .body. 22, if the lateral load ( F2 in Fig;l) or the 
torsion load (F3 in Fig-. 1.-) is . applied to a tip end of the 
arm, the .lower surface side is closer to the bracket 26 
than the upper surface side*-, there is a tendency that a 
burden cf a. load ..of the lower surface side which is 
shorter in length is greater.- Therefore, as described 
above, if the lower surface is - formed into a base of the 
triangle, the cross, section performance can be exhibited 
mere efficiently as compared with a structure which is 
turned upside down, and the weirht can further be reduced. 
Further, .also when the vertical load (Fl in Fig . 1 ) is 
applied to such a boom, if the lower surface is the bottom 
surface of the triangle, -'he cross section performance can 
be exhibited more efficiently. 

Next, a. producing method cf the main arm body member 
20* will be explained. 

As shown in Fig. 20, a steel plate is cut intc a 
substantially rectangular plate material 73 which is 
surrounded by two opposed long sides "70, ~' Z , and two 
opposed short sides 71, 71, the long side 7 Z is formed 
substantially V-shaped at one side portion r Ca and other 
side portion 70b, and is :he shape that the ether side 
portion '^Cb has the arc notch 72. The thickness of the 
plate material 73 is set such that opposite ends 73a of 
the short sides 7 1 are thicker than other portion 7 3b. 
Mere specifically, as shewn in Fig. 21, bar materials 75 
having thick portions and thin portions at longitudinally 
one end of the plate 74 which is cut into the 
predetermined shape . 

Next, as shown in Fig. 22, using a dice .80 having two 
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arc. surfaces 80a, IZa and a straight surface 80b 
connecting the arc surfaces 80a, 80a>" and having" an arc 
: surface- 80c of a large curvature located at the center of 
tr.e straight surface ^80b, and using a punch 81 havinc two 
•arc surfaces 81a, S la and a straight surface connecting 
tr.e two arc surfaces 81a, 81a, the plate material 12 is 
bent into arc shape along, bending lines .V closer to the 
long sides of the plate material 72, thereby' forming the 
■pi-ate. material.. 72 into, a substantially U-shape as shewn in 
: t ig. 2 3 .. - . ■ : 

•-Next, as shown in Fig.'24> a center of the plate 
material 72: is bent into an arc shape along a -bending line 
B -using the.- dice 80- and another punch 82; thereby forming 
the plate material 72 into, a substantially Trhombus shape 
Since the. same dice is used in this manner, a deviation in 
position is no? .gerre rated -and- thusV the-bending wdrkinq 
precision can be secured. 

Next, as shewn in .Fig, 26, r the bend elate material 72 
is set .on a dice 83, a pair of - punches 84/ 8'4 are moved 
laterally and vertically,: thereby -behdir.i: "the plate 
material. 72 into . a /triangle ■■ shape; , and the- two long sides 
7C, 70 of the plate material 73 are butted as shown in 
Fig, 27.. while keeping- this- state, a welding" "torch 85 is 
moved alone a: space betVeen-tfce pair of - cunches 84 and 84 
to weld the butted portion. • c 

Since, the plate 7 3' is = bent and' for~ed into the ^nal 
shape and .welded- sirrultaneousay-in-this--ar.ner, the butt 
precision cf the welding -portion 'can be" secured 

As shown in Fig.28;(a), (b) the- main arr body member 
zc Earm bod y 22 ' -^y be produced- by bendira two" date 
materials to form s ..top side member « 87 and'a bottoir side 
member 88, and jointing both the membeW 



_ As shown m Fig. 29(a), (b) > the- main --'arm body member 

•> arx ooc ? ": ~=/ be produced by benci.-.a three olafe 
materials te form three members 89, -and' -eir.ting t*e ;^ee 
members 89. ' • • ■• 

When the rain arm body member 20 is or educed u^--c 
two plate materials as. shown- -in Figs. 28 {. ", ' b) , one oiate 
m=.eriel 9.ms bent to form a top side member 8? us:-: a 
cice 9i having a recess 90 whose base pcrticr is of 
ar.e substantially V-shape, and a punch 92 havina the sare 
shape as that of the recess 90. ' 

As shewn in Fig. 31, a dice 101 is formed using a 
stationary dice 95 having an arc surface 94, a movable 
dice 97 having an arc surface 94 and arc surface 96 w--i c h 
is continuously connected to the arc surface 94, a sc^-g 
9b for separating the movable dice 9-7 from the stationary 
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dice 95, a cushion pad 99, and a cushion pin . 100 for 
pushing up the cushion pad 99. A punch 103 having an arc 
surface 102 which is the, same as the continuous two arc 
surfaces 94 and 96 is provided with a can 10*; which moves 
the movable dice 97 against the spring 98. When the punch 
103 is in an upper position, the cushion pad 99 is pushed 
up by the cushion pin 100 and is flush with an upper 
surface of k the : movable dice; 97. 

6ne. r p.late material 105 is bent using the dice 10*1 
and the punch 103, thereby forming a base side member 88. 
More -specifically, the plate material 105 is placed on the 
movable dice 97 and the cushion pad. 99, and the punch 103 
is lowered. While* sandwiching" the-" plate material 105 - 
between xhe punch 103 and the cushion pad 99', "the punch 
103 is lowered and the cushion pad 99 is lowered, and 
opposite ends* of the plate material 105 is sequentially 
bent by an arc portion 94 of the stationary dice '95. 

When the punch 103 is lowered to a predetermined 
position, the ..movable dice 97 , is moved by. the cam 104 
against .the spring 98 the plate material 105 is bent into 
a predetermined shape, thereby forming the base side 
member 97 . 

Using a butt-jig shown .in Fig. 32, the top side 
member 87 . and the base side member. 8 8 . are '-butted arid 
penetration-welded. - — * . " . 

. The butt-jig includes : a body 1-11: having a V-shaped 
groove 110, a pair - of - side pushing pieces ". 112 , 112 
provided on left and right opposite -sides of the V-shaped 
groove 11C of the. body 111, a. pair of first cylinders 113, 
113 for moving, the side • pushing pieces 112, a pair of 
upper pushing pieces 114 , 114 -..provided on upper opposite 
sides of the V-shaped groove: 110 of the body 111, a pair 
ox second .cylinders 115, 115 -for roving the upper pushing 
pieces 114, 114 , and -a backing material - 116 provided along 
"the V-shaped groove .110 ; and supported by a supporting 
shaft (not shown) provided on opposite ends of the body 

. The backing material 116 includes a water-cooling 
jacket' 117 which is, opened at an . upper surface of the 
backing material 116, and a lower supporting portion 113. 
A receiving plate 119 is mounted to an upper surface of 
the backing material 116 such as to cover an upper portion 
of the water-cooling jacket 117. Cooling water flows 
through the water-cooling jacket 117. A welding torch 120 
is movabiy mounted to an upper portion of he V-shaped 
groove 110 of the body 111. 

Next, the operation of the penetration-welding will 
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be explained.. As described above, the bent top side 
member 87 and base side member 88 are butted into a 
triangular shape and inserted between' the V-shaped groove 
110 and the backing material- 11 6>. : 

Each of the side pushing- pieces 112 are moved toward 
the center, each of the upper' pushing pieces 114 is moved 
ccwnward, - and one end 87a of t-he ' top V: side' Member -"87 and 
one end ,88.a of. the :base side member 88 are butted on an 
■upper- surface- of .the .receiving plate 119 .' ' -The welding 
torch -1-20 is moved, thereby penetration-welding the butted 
posr-tlon; • «-. 

..- Each of the side pushing pieces 112" is moved' 
sideway, each: of the upper pushing -pieces -114 is mdved 
-upward, thereby separating these members, the "top side 
member 87 and the base side .member -87 to which the one 
ends 87a and 88a are welded are pulled ' but between the V- 
shaped groove 110 and the backing material 116. 

The pulled out top side member 87 and base' side 
member 88 are rotated, and again inserted- between the V- 
shaped groove 110 and the backing' materia 1 ! 116 as shown in 
Fig.33, and the other ends 87b and 88b are penetration- 
wedded in the same manner as ; that described above. 

With the above operation", the main arm body member 
20 (arm body 22) comprising two members can be produced. 

Further, as shown in Fig. 29.0a), (b) , when the boom 
member is produced using three plate materials, one pla^e 
material is bent using the dice 91 and the punch 92 shown 
Fig. 30, thereby producing three members 89, and the 
-.ree members 89 are sequentially penetration-welded at 
*.ree points using the butt-jig shown in Fig. 32, thereby 
producing the boom member. 

Further, as shown in Figs. 34 fa) and Co), the arm 
czzy 22 may be formed such that upper ccr.r.ec-ed portions e 
are formed by two arc portions X, Y, a fla - DO rtion Y and 
two arc portions 2-1 having small curvature, and an arc 
cordon Z-2 having large curvature. 

Although it is not illustrated, all of the three 
connected portion, or one of them or two of -hem mav be 
rcrmea into the above-described shaoe, cr eac^ c* the 
connected portions may have different combination 
sr. ape. 

If the boom has the flat portion Y shown in 
Fig. 34 (a), since the bucket cylinder bracket 25 can be 
welded to the flat portion Y. Therefore, edge preparation 
cr the bucket cylinder bracket 25 is unnecessary and the 
tnroat depth of the weld joint can be secured by using a 
fiixet weld joint as the weld joint. 
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. ,As -i:.:vn in Fig. 33, the arm body 22 .the main arm 
body member 20). may have three sides which bulge with 
large curvature -R r instead of three straight sides. 
Alternately, the three sides may be a combination of 
bulged side and straight side.. : 

The weld joint ,and the. like are explained on the 
precondition, that MAG (Metal ActiveGas) welding method or 
MIG CMetal InertGas) welding, method is used, but it- i-s 
possible, to use high energy welding such ;as laser welding 
and electron beam welding by changing . the weld joint. ~ ' 
When a high energy density heat source is used, the -t-Hfick 
portions, provided on the opening edges. 2Qc of the boom 
front member, 20 may j be-- omitted; so .that these- .port ions^ have 
the same thickness as that of the . .other portions 20b' the 
connection, projections 42, 53, 54, -55, -56 and 64 may be 
omitted,, and 'these portion may be- butted 'and penetration- 
welded . 

The .. embodiments are -described above while taking the 
case of <; .the-, hydraulic shovel;, ;:he present invention can 
also be. ,applied : to. a ^bucket * typ.e excavator having 
different .design . and .to a structure fcr a working machine 
other than, arm in .substantially the same manner. 
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: CLAIMS 

1. X" structure for a working machine' such as ah" arm of 
a bucket type 'excavator such - as a' hydraulic shovel/ 
wherein a body " (22) is" hdllofr f and t riahgular in cross 
section J - - ^ . 

2. An arm of a bucket type . excavator according to claim 
1, wherein the arm body (22)' haS a cVoss section in which 
three sides are straight, and each of connected portions 
of the two sides is of arc shape, 

3. A boom of a bucket type excavator whose bucket is 
mounted to a tip end side and pivotally supported by a 
boom, wherein the arm body (22) is hollow and triangular 
in cross section. 

4. An arm of a bucket type excavator according to claim 

3, wherein the arm body (22) has a cross section in which 
three sides are' straight , and each of connected portions 
of the two sides is of arc shape. 

5. An arm of a bucket type excavator according to claim 

4, wherein the arm body (22) has a substantially triangle 
cross section in. which a lower surface thereof is a 
triangular base side, an upper surface thereof is a tip of 
the triangle, and a boom-mounting bracket (26) is jointed 
to a longitudinally lower surface. 

6. An arm of a bucket type excavator according to claim 

5, wherein a bucket cylinder bracket (25) is jointed to an 
upper surface of the arc connected portion of the two 
sides . 

7. An arm of a bucket type excavator according to claim 
5, wherein the arm body (22) has a substantially triangle 
cross section in which a lower surface thereof is a 
triangular base side, an upper surface thereof is a tip of 
the triangle, and a bucket cylinder bracket (25) is 
jointed to the flat portion of the top. 

8. An arm of a bucket type excavator according to claim 
6 or 7, wherein the bucket-connection bracket (23; is 
jointed to longitudinally one end of the arm body 22) , 
and the arm cylinder bracket :24> is jointed to 
longitudinally ether end of the arm body (22;. 

5. A producing method of a structure for a working 
rr.acnir.e cf a bucket type excavator comprising the steps 
of: bending a plate material (73) having two long sides 
;73?, . 3 ) and two short sides (71*, ( " : > , -hereby forming 
a hollow member which is triangular in cross section, and 
welding butted portions of the two long sides (70), (70;, 
thereby forming a body (22) . 

10. A producing method of a structure for a working 
machine cf a bucket type excavator according to claim 8, 



IS 



wherein the body (22) has a cross section in which three 
sides are .straight / , and : /each of connected portions of the 
two sides is of arc shape, the. body (22) has a triangle 
cross section in which a. lower surface thereof is a 
triangular base side, an upper surface thereof is a tip of 
the triangle, and butt-welded portions of the two long 
sides are disposed on the. lower surface. 
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